T he cultivated sunflower (Helianthus annuus L.) is one of the staple oilseed crops of the world. There are two classes of cultivated sunfl owers, oilseed and confection. The oilseed sunfl ower is the major type cultivated, while the market and production area of confection sunfl ower has increased in recent years. Commercial single-cross hybrid sunfl ower combinations have been developed by crossing the cytoplasmic male sterility (CMS) lines with fertility restorer lines resulting in a hybrid seed industry that has dramatically expanded since the fi rst single-cross hybrid sunfl ower was released in the 1970s (Fick and Zimmer, 1974) . Information about the genetic diversity and relationships among breeding lines and varieties is not only useful for germplasm conservation and inbred line identifi cation, but also for the selection of parental lines for hybrid breeding in crops, including sunfl ower (Senior et al., 1998; Sun et al., 2001) .
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ABSTRACT
This study investigated the genetic diversity and relationships among the 177 public sunfl ower (Helianthus annuus L.) inbred lines developed and released by USDA-ARS from the 1970s to 2005 using the target region amplifi cation polymorphism (TRAP) marker technique. Twelve primer combinations generated a total of 230 polymorphic markers that could discriminate each of these lines, suggesting that TRAP is a powerful marker technique for fi ngerprinting sunfl ower inbred lines. The pairwise genetic similarity coeffi cients (simple matching) based on the TRAP markers ranged from 0.30 to 0.97 with a mean of 0.58, indicating that there is substantial genetic variability in this public collection. The average similarity coeffi cient of 41 confection inbred lines was signifi cantly higher than that of 136 oilseed inbred lines. Cluster analysis grouped the 177 lines into two classes, oilseed (O) class and confection (C) class with only two exceptions. The O and C classes were further categorized into two groups: fertility maintainer (OB and CB) and fertility restorer groups (OR and CR). Moreover, inbred lines in the OB, OR, CR, and CB groups were placed into four, three, two, and two clusters, respectively. These results are useful to sunfl ower breeders and would promote the utilization of these public inbred lines.
Coancestry analysis has played an important role in the studies on genetic diversity or similarity when molecular markers were unavailable or expensive. However, incomplete pedigree data and inaccurate estimates of the contribution of each ancestor to a genotype may lead to inappropriate clustering of the genotypes involved, and some genotypes without clear pedigrees fail to cluster. On the other hand, molecular markers are stably heritable and abundant. Thus, the advent and application of molecular markers have provided eff ective tools to gain a better understanding of the diversity of crop germplasm. To date, diversity analysis of sunfl ower germplasm has been conducted using diff erent isozymes (Carrera and Poverene, 1995; Cronn et al., 1997) and DNA markers such as restriction fragment length polymorphism (RFLP) (Berry et al., 1994; Gentzbittel et al., 1994) , amplifi ed fragment length polymorphism (AFLP) (Hongtrakul et al., 1997) , simple sequence repeat (SSR) (Yu et al., 2002) , and single nucleotide polymorphism (SNP) (Liu and Burke, 2006) . The target region amplifi cation polymorphism (TRAP) marker technique is a recently developed method to harness the existing DNA sequence information for marker development. The TRAP marker technique utilizes a fi xed primer designed against a known sequence in combination with two arbitrary primers to generate polymorphic markers (Hu and Vick, 2003) . Since it is easy to perform and allows for relatively high throughput, the TRAP technique has been successfully applied to the studies of sunfl ower genome mapping (Hu, 2006) as well as germplasm diversity and population genetics in other plant species, including spinach (Spinacia oleracea L.) , lettuce (Lactuca sativa L.) (Simko and Hu, 2008) , sugarcane (Alwala et al., 2006) , and a Caladium germplasm collection (Deng et al., 2007) .
In sunfl ower, coancestry analysis has been used to investigate the genetic diversity of 156 inbred lines (Cheres and Knapp, 1998) and to assign these inbred lines into two market classes and some subgroups. A genetic variation study that surveyed allozymes in 146 germplasm accessions of wild and domesticated sunfl owers revealed some interesting results, such as the fi nding that wild sunfl ower shows geographically structured genetic variation (Cronn et al., 1997) . Genetic similarity analysis has been conducted in the wild and cultivated sunfl ower accessions using SSR and SNP markers (Tang and Knapp, 2003; Liu and Burke, 2006; Kolkman et al., 2007) . It was found that genetic diversity has been narrowed by domestication and selection in sunfl ower. Using AFLP markers, Rönicke et al. (2005) analyzed the genetic similarity among 25 oilseed inbred lines mainly from Germany, and Dong et al. (2007) analyzed the genetic similarity among 70 Chinese confection germplasms. A limited number of public sunfl ower inbred lines were characterized for genetic similarity using AFLP or RFLP and were clustered into fertility maintainer (B) and restorer (R) groups (Berry et al., 1994; Gentzbittel et al., 1994; Hongtrakul et al., 1997) . From the 1970s to 2005, a total of 177 public germplasm lines were released by the USDA-ARS. However, molecular analysis of the genetic diversity among these lines has not been reported. The objectives of this study were to investigate the genetic diversity and relationship among these lines using TRAP markers and to generate information for future sunfl ower germplasm enhancement and utilization.
MATERIALS AND METHODS
A total of 177 sunfl ower inbred lines publicly released by USDA and maintained by the Sunfl ower Research Unit, USDA-ARS, Fargo, ND, were included in this study (Table 1) . Sixty-fi ve of them were oilseed maintainer (OB) lines, 71 were oilseed restoration (OR) lines, 22 were confection maintainer (CB) lines, and 19 were confection restoration (CR) lines.
Eight seedlings of each line were grown in a greenhouse. Total genomic DNA was isolated from about 50 mg (fresh weight) of leaf tissue sampled from 15-d-old plants using the Qiagen DNeasy 96 Plant Kit (Qiagen, Valencia, CA), following the manufacturer's instructions. DNA concentrations were adjusted to approximately 10 ng μL -1 for polymerase chain reaction (PCR) amplifi cation. Six fi xed primers and six arbitrary primers were used for TRAP analysis in the present study (Table 2 ). The fi xed primers were designed against the sequences of annotated expressed sequence tags related to lipid metabolism, male sterility, male fertility restoration, and branching. These sequences were obtained from the Compositae Genome Project Database (http://cgpdb.ucdavis.edu) and National Center for Biotechnology Information (http://www. ncbi.nlm.nih.gov) websites. The arbitrary primers were labeled with either infrared (IR) 700 or IR 800 dyes. The TRAP procedures described by Hu (2006) were followed.
Each primer combination amplifi ed approximately 50 scorable fragments ranging from 38 to 1042 base pairs (bp). High quality polymorphic fragments were manually scored as present (1), absent (0), and missing (−) across all genotypes to form a binary data matrix. Each marker was identifi ed by the primer combination (the code of the fi xed primer and the code of the arbitrary primer) and the fragment size in base pairs.
Polymorphic information content (PIC) was analyzed to estimate the information content as a function of a marker system's ability to distinguish between genotypes according to the method described by Ude et al. (2003) . Polymorphic information content among the 136 oilseed inbred lines and the 41 confection inbred lines was calculated separately as follows: PIC = 1 − ΣPi 2 , where Pi is the allele frequency for the ith allele.
Two sets of pairwise genetic similarity coeffi cient matrixes based on simple matching (SM) and Dice (D) coeffi cients were computed using the NTSYS-pc software package, Version 2.02 (Rohlf, 1998) . The similarity coeffi cient of simple matching is calculated by the formula SM = m/n, where m = shared present fragments (11) + shared absent fragments (00), and n = the total of obtained fragments. The Dice similarity coeffi cient is calculated using the formula D = 2a/(2a + b + c), where a = the number of fragments present in both accessions, b and c are the numbers of fragments that are present in either accession, respectively (Sneath and Sokal, 1973) . The genetic similarity coeffi cient matrix was then used to construct the dendrogram with the unweighted pair-group method using the arithmetic averages (UPGMA) algorithm, employing the Sequential, Agglomerative, Hierarchical, and Nested (SAHN) clustering procedure. The boundaries between the groups based on the SM coeffi cient matrix were sharper than those based on the Dice coeffi cient matrix. Thus, the SM coeffi cient matrix was chosen for dendrogram construction in this study. 
RESULTS
A total of 230 TRAP polymorphic markers were generated using 12 TRAP primer combinations (one fi xed primer + one arbitrary primer). On average, each TRAP primer combination produced 19.2 polymorphic markers. Of the 230 TRAP markers, the PIC values ranged from 0.02 to 0.50 (Fig. 1) . The oilseed and confection inbred lines had similar mean PIC values (i.e., 0.394 for oilseed inbred lines and 0.397 for confection inbred lines). These two types of inbred lines also showed similar distribution of PIC over the TRAP markers. About half of the TRAP marker loci (~110) had a PIC value of 0.45 to 0.50, indicating the existence of two alleles with an almost equal frequency (45-50%) at each of those loci in the 177 sunfl ower inbred lines (Fig. 1) . Genetic variability among the inbred lines was estimated by computing the pairwise genetic similarity coeffi cients.
The SM similarity coeffi cients based on the 230 TRAP markers ranged from 0.30 (between oilseed line HA308 and confection line RHA344) to 0.97 (between two confection lines RHA310 and RHA311) with an average of 0.58. On average, the similarity coeffi cient among oilseed inbred lines (0.59) was signifi cantly lower than that among confection lines (0.63) (P < 0.001); this indicates that the genetic diversity in oilseed lines is higher than that in confection lines. The Dice similarity coeffi cient values were slightly higher than the SM similarity coeffi cient values, and the two types of coeffi cients were highly correlated (r = 0.91, P < 0.01). Dice similarity coeffi cients ranged from 0.32 (between oilseed line HA308 and confection line RHA346) to 0.98 (between two confection lines RHA310 and RHA311) with an average of 0.63. Generally, similarity coeffi cients agreed well with the pedigree data. For example, the SM or D similarity coeffi cients were lowest between HA308 and RHA344 or RHA346, which had diff erent ancestral origins. HA308 was directly selected from ancestral germplasm (Sundak), while RHA344 and RHA346 were selected from the cross between RHA274 and a high-oleic line. The similarity coeffi cient between the two confection lines RHA310 and RHA311 was highest, and they were directly selected from the same inbred line, RHA294 (Table 1) .
A dendrogram was constructed based on the SM similarity coeffi cient matrix (Fig. 2) . The 177 inbred lines were categorized into two major market classes, oilseed inbreds (O) and confection inbreds (C), based on the similarity coeffi cient of 0.58, with the exception of two confection lines, HA285 and RHA280 (Fig. 2) . These two confection lines were clustered into the oilseed inbred class. Furthermore, each of the two classes were divided into two groups, i.e., fertility maintainer group (OB for oilseed inbreds and CB for confection inbreds) and fertility restorer group (OR for oilseed inbreds and CR for confection inbreds). However, seven R lines within the O class were clustered into the B group and one B line was clustered into the R group. This is consistent with the fact that the ancestry of some inbred lines from diff erent groups are mixed. For instance, of the seven R lines clustered into the B group, RHA340, RHA299, RHA859, RHA363, and RHA366 were selected from crosses with one or two B lines. Lines from the OB and OR groups were further clustered into four (OB-A, OB-B, OB-C, and OB-D) and three subgroups (OR-A, OR-B, and OR-C), respectively. Lines for the CR and CB groups were further divided into two subgroups, respectively: CR-A and CR-B, and CB-A and CB-B.
DISCUSSION
Genetic diversity in cultivated sunfl ower has been dramatically narrowed during domestication and breeding (Tang and Knapp, 2003 ; Liu and Burke, 2006). In previous reports, the genetic similarity among 25 oilseed sunfl ower lines ranged from 0.58 to 0.98 with an average of 0.70 (Rönicke et al., 2005) , and genetic similarity among 24 oilseed sunfl ower lines ranged from 0.70 to 0.91 at the AFLP marker loci investigated (Hongtrakul et al., 1997) . The average genetic similarity in the present study (0.58) was lower than that in the previous studies (Hongtrakul et al., 1997; Rönicke et al., 2005) . In addition to the fact that diff erent molecular markers or data analysis methods were employed, this observation can be explained by the use of more inbred lines and diff erent types of sunfl ower inbred lines for analysis in this study. For example, the average genetic similarities were increased among the oilseed inbred lines (0.59) or confection lines (0.63) in comparison with those among the entire 177 lines (0.58). Moreover, the genetic distance was also found across a large range (0.252-0.945) among 47 domesticated and wild sunfl ower germplasms in a previous report (Tang and Knapp, 2003) .
The results of the current study indicated that substantial genetic variability has been captured and maintained in this valuable public inbred line collection. Through cluster analysis, 24 sunfl ower inbred lines could be separated into two groups, B lines and R lines (Hongtrakul et al., 1997) . Cheres and Knapp (1998) separated 156 inbred lines into broad market (oilseed versus confection) and fertility restorer (restorer versus maintainer) classes. Commercial sunfl ower hybrids are produced by utilizing heterosis between the CMS lines and fertility restorer lines. Thus, assigning public B or R lines to different heterosis groups is important for sunfl ower breeders. Due to the small number of inbred lines analyzed (Hongtrakul et al., 1997; Tang and Knapp, 2003; Rönicke et al., 2005; Liu and Burke 2006; Dong et al., 2007) , cluster results published previously have not been suffi cient to provide information for public sunfl ower breeders. Although Cheres and Knapp (1998) separated OB and OR lines into four and three subgroups using coancestry analysis, no subgroup was observed within the CB and CR groups, and some lines did not cluster into any group. In this study, lines from OB, OR, 
